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the molecule, and having a degree of polymerization of 
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package obtained by packaging an acidic substance, a 
chlorine-containing compound, or the like using the wa- 
ter-soluble film. 
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Description 

[0001] The present invention relates to a water-soluble film and a package using the same. More particularly, the 
present invention relates to a water-soluble film made of a modified polyvinyl alcohol (hereinafter, polyvinyl alcohol 
may be abbreviated as "PVA"), of which the contents of an N-vinylamide monomer unit, and a carboxyl group and a 
lactone ring, and the degree of polymerization and the degree of hydrolysis are specified, and which is excellent si- 
multaneously in cold water solubility, biodegradability, chemical resistance, and practical physical properties such as 
strength and stiffness, and a package using the same. 

[0002] In recent years, as a method for using various chemicals including agrochemicals, laundry detergents, bleach- 
ing agents, toiletry products, industrial chemicals, and the like, there has become employed a method in which each 
of these chemicals is hermetically packaged on a unit dose basis by a water-soluble film (unit dose package), and it 
is thrown into water still in the packaged form for use, so that the contents are dissolved or dispersed together with the 
packaging film in water to be used. The unit dose package has advantages in that a hazardous chemical can be used 
without direct contact therewith during use, that no metering is necessary for use because a predetermined amount 
of the contents has already been packaged, that the disposal of the container packaging the contents is unnecessary, 
and the like. 

[0003] In the art, PVA films have often been used as such water-soluble films for unit dose package. The PVA film 
generally has features of tough film, excellent transparency, and good printability. However, the PVA increases in crys- 
tallinity with an increase in its degree of hydrolysis. Accordingly, the proportion of the crystalline portion which will not 
dissolve in cold water increases. Therefore, not a PVA with a high degree of hydrolysis, referred to as a completely 
hydrolyzed type, but an unmodified partially hydrolyzed PVA has been employed for use as a cold water-soluble film 
for unit dose package, or the like. 

[0004] The water-soluble film using an unmodified partially hydrolyzed PVA has features of being readily soluble in 
cold water and hot water, excellent mechanical strength, and the like. However, in recent years, from the viewpoints 
of workability chemical resistance, environmental protection, and the like, there has been a demand for a water-soluble 
film which simultaneously satisfies a large number of performance requirements such as higher dissolving rate in water, 
low susceptibility to bag breakage due to.an impact, low degree of change in solubility in water with time during storage 
of the film, and good biodegradability. 

[0005] A conventional unmodified partially hydrolyzed PVA film has a sufficient cold water solubility at the early stage 
of production of the film. However when it is stored for a long time, unfavorably, the cold water solubility decreases 
presumably because of the gradual growth of the crystals in the meantime. In addition, for the unmodified partially 
hydrolyzed PVA film, when an alkaline or acidic substance is packaged therein, hydrolysis of acetic acid groups re- 
maining in the partially hydrolyzed PVA occurs during storage. Accordingly, crystallization proceeds, so that the film 
becomes insoluble. For this reason, the film does not satisfy the necessary performance requirements. Further, for a 
film using an unmodified partially hydrolyzed PVA, when a chlorine-containing compound such as an agrochemical or 
a bactericide is packaged therein, and allowed to stand for a long time, the film is colored or hardened. In addition, the 
film is reduced in water solubility with time to become water insoluble or slightly soluble/Therefore, the chemical agent 
will not dissolve or disperse in water while being packaged in the film. As a result, unfavorably, the initially intended 
object cannot be attained. 

[0006] As the ones solving these problems, various water-soluble films made of a modified PVA have been proposed. 
As examples of the modified PVA, there are known a carboxyl group-modified PVA ("Application and Market of Water- 
Soluble Polymer" pp. 266-277, CMC, issued in 1984), a hydrolyzate of a copolymer of an allyl ester and a vinyl ester 
(Japanese Unexamined Patent Application (Kokai) 62-1 79550), a PVA containing at least one of an oxyalkylene group, 
a sulfonic group, and a cationic group (Japanese Unexamined Patent Application (Kokai) 63-1 68437), a PVA containing 
a 2-pyrrolidone ring (Japanese Unexamined Patent Application (Kokai) 2-124945, USP 5102950 and EP0354410), a 
hydrolyzate of a copolymer of N-vinylacetamides and a vinyl ester (Japanese Unexamined Patent Application (Kokai) 
5-59113), a hydrolyzate of a copolymer of a diacetone acrylamide and a vinyl ester (Japanese Unexamined Patent 
Application (Kokai) 5-17597), a hydrolyzate of a copolymer of an oxyalkylene group-containing vinyl ether and a vinyl 
ester (Japanese Unexamined Patent Application (Kokai) 11-236419), and the like. 

[0007] Whereas, as the films for packaging chlorine-containing compounds such as a bactericide, polyethylene ox- 
ide-based films and cellulose-based films are known. However, they have a very slow rate of dissolution in water and 
lack in mechanical physical properties, and are hard and brittle, and hence, unfavorably, they have a very small impact 
resistance at a low temperature. As the ones solving such a problem, there are known water-soluble films obtained by 
mixing a PVA and a carboxylate-modified PVA with adjuvants such as polyethylene glycol and propyl gallate (Japanese 
Unexamined Patent Application (Kokai) 53-24351 and USP 41 1 9604), a water-soluble film obtained by mixing a sulfonic 
acid-modified PVA with an adjuvant such as propyl gallate (Japanese Unexamined Patent Application (Kokai) 
1 1 -222546) : a water-soluble film for packaging an agrochemical obtained by mixing a sodium 2-acrylamide-2-methyl- 
sulfonate-modif ied PVA with a phenol derivative such as bisphenol A (Japanese Unexamined Patent Application (Kokai) 
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7-11 8407), a water-soluble thermoplastic film made of a copolymer of N-vinylacetamide and a vinyl comonomer (Jap- 
anese Unexamined Patent Application (Kokai) 5-294358), and the like. 

[0008] However the water-soluble film made of a carboxyl group-modified PVA has a deficiency in that the solubility 
in cold water is impaired upon contact with an acidic substance. Further, the carboxyl group-modified PVA may gel by 
heat. Still further, for the carboxyl group-modified PVA, by increasing the carboxyl group content thereof, it is possible 
to enhance the solubility in cold water, whereas the reduction in biodegradability of the modified PVA is incurred. The 
water-soluble film made of such a carboxyl group-modified PVA with a reduced biodegradability will be discharged into 
environment after being dissolved in water, and hence the use thereof is not preferable. 

[0009] The film made of a hydrolyzate of a copolymer of an allylester and a vinyl ester, a hydrolyzate of a copolymer 
of an oxyalkylene group-containing allyl ether and a vinyl ester, a hydrolyzate of a copolymer of an oxyalkylene group- 
containing vinyl ether and a vinyl ester, or the like has the following problem. Namely, the copolymerizabilities of an 
allylester an oxyalkylene-containing allyl ether and an oxyalkyiene-containing vinyl ether with a vinyl ester are low. 
Accordingly, the amount of modification of the PVA is restricted to a low level, and hence the water solubility of the film 
is insufficient. When the amount of modification of the PVA is raised by increasing each amount of an allylester an 
oxyalkylene group-containing allyl ether and an oxyalkylene-containing vinyl ether relative to the amount of a vinyl 
ester for copolymerization, the film produced from each resulting modified PVA is not only reduced in biodegradability 
but also reduced in degree of polymerization of the modified PVA. Therefore, the film produced from the modified PVA 
cannot be said to have enough strength and impact resistance to be used for packaging purpose, and thus, unpreferably, 
it will often undergo bag breakage during use. 

[0010] As for the film made of a modified PVA in which an ionic group such as a sulfonic group or a cationic group 
has been introduced, and the film made of a hydrolyzate of a copolymer of a diacetone acrylamide and a vinyl ester, 
the biodegradabilities of the films tend to decrease with an increase in modification amount. In consequence, a water- 
soluble film simultaneously satisfying requirements in regard to water solubility, biodegradability, and practical physical 
properties such as strength cannot be obtained yet. 

[0011] The film made of a 2-pyrrolidone ring-containing PVA, and the film made of a hydrolyzate of a copolymer of 
N-vinylacetamides and a vinyl ester have a problem of insufficient cold water solubility because a 2-pyrrolidone ring- 
containing monomer and N-vinylacetamides are nonionic monomers. Attempts have been made to increase the mod- 
ification amount, reduce the degree of hydrolysis, reduce the degree of polymerization, and perform other methods, 
in order to solve the problem associated with the cold water solubility. However, a water-soluble film simultaneously 
satisfying requirements in regard to water solubility, biodegradability, and practical physical properties such as strength 
cannot be obtained yet. 

[0012] The films prepared by mixing a PVA and a modified PVA with adjuvants such as propyl gallate and bisphenol 
A could not be said to have sufficient performances due to the following fact. Namely, the films discolor in brown, and 
they are reduced in water solubility when a chlorine-containing substance is packaged therein, and stored for a long 
period. Whereas, the water-soluble film made of a copolymer of N-vinylacetamide and a vinyl comonomer has a slow 
rate of dissolution in water, and insufficient mechanical physical properties. For this reason, a water-soluble film simul- 
taneously satisfying the requirements in regard to the water solubility, mechanical physical properties, and chlorine 
resistance cannot be obtained yet. 

[0013] It is therefore an object of the present invention to provide a PVA-based water-soluble film which overcomes 
the foregoing deficiencies, has good cold water solubility and biodegradability, and is excellent in practical physical 
properties such as strength and stiffness, and will not be reduced in various physical properties with time even when 
it packages various chemicals such as acidic substances and chlorine-containing compounds. 

[0014] In view of the foregoing circumstances, the present inventors made intensive investigations. As a result, they 
found that a modified PVA of which the content of an N-vinylamide monomer unit, the content of a carboxyl group and 
a lactone ring, and the degree of polymerization and the degree of hydrolysis respectively fall within given specific 
ranges is very useful for producing an objective water-soluble film. This finding has led to completion of the present 
invention. 

[0015] Namely, the present invention provides a water-soluble film which comprises a modified polyvinyl alcohol 
containing an N-vinylamide monomer unit in an amount of 1 to 10 mole percent, and a carboxyl group and a lactone 
ring in a total amount of 0.020 to 4.0 mole percent in the molecule, and having a degree of polymerization of 300 to 
3000, and a degree of hydrolysis of 75 to 99.5 mole percent. 

[0016] The water-soluble film of the present invention is not only excellent in solubility in cold water but also excellent 
in chemical resistances such as acid resistance and chlorine resistance, biodegradability, and practical physical prop- 
erties such as strength and stiffness, and hence it is very useful as a packaging material especially for chemicals or 
the like. 

[001 7] As described above, the film made of a PVA containing a 2-pyrrolidone ring, and the film made of a hydrolyzate 
of a copolymer of N-vinylacetamides and a vinyl ester known in the art have a problem of insufficient cold water solubility. 
However even when such a PVA containing a 2-pyrrolidone ring, and a hydrolyzate of a copolymer of N-vinylacetamides 
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and a vinyl ester are used as a constituent of films, by setting the content of a 2-pyrrolidone ring or the content of a N- 
vinylamide monomer unit, the total content of a carboxyl group and a lactone ring, and the degree of polymerization 
and the degree of hydrolysis within the aforesaid respective ranges, it is possible to provide a water-soluble film simul- 
taneously satisfying the requirements in regard to water solubility, biodegradability, and practical physical properties 
such as strength. 

[0018] It is essential that a modified PVA to be used in the present invention have an N-vinylamide monomer unit. 
As the N-vinylamide monomers, for example, mention may be made of'the monomers represented by the following 
formula (I), N-vinyl-2-pyrrolidones and N-vinyl-2-caprolactam. 

R 1 
I 

CH 2 -CH-N-C-R 2 (I) 
II 

O 

(where R 1 denotes a hydrogen atom or an alkyl group having 1 to 3 carbon atoms, and R 2 denotes a hydrogen atom 
or an alkyl group having 1 to 5 carbon atoms). 

[0019] In the formula (I), as the alkyl groups each having 1 to 3 carbon atoms denoted by R 1 , mention may be made 
of methyl, ethyl, propyl, and isopropyl groups, and the like. Whereas, as the alkyl groups each having 1 to 5 carbon 
atoms denoted by R 2 , mention may be made of methyl, ethyl, propyl, isopropyl, butyl, isobutyl, t-butyl, pentyl, and 
isopentyl groups, and the like. 

[0020] Specific examples of the monomer represented by the formula (I) may include N-vinylformamide, N-methyl-N- 
vinylformamide, N-vinylacetamide : and N-methyl-N-vinylacetamide. 

[0021] Examples of N-vinyl-2-pyrrolidones may include N-vinyl-2-pyrrolidone, N-vinyl-3-propyl-2-pyrrolidone, N-vi- 
nyl-5,5-dimethyl-2-pyrrolidone, and N-vinyl-3,5-dimethyl-2-pyrrolidone. 

[0022] Out of the N-vinylamide monomers, the monomers represented by the formula (I) and N-vinyl-2-caprolactam 
are preferred from the viewpoints of the acid resistance and the chlorine resistance. The preferred ones in terms of 
availability are N-vinylformamide, N-vinylacetamide, N-methyl-N-vinylacetamide, and N-vinyl-2-caprolactam. Further, 
the PVA-based water-soluble film tends to be affected by the degree of hydrolysis of the PVA. in general, the film tends 
to increase in hygroscopicity with a decrease in degree of hydrolysis. The carbon atom in the ring structure of N-vinyl- 
2-caprolactam shows hydrophobicity. Therefore, the PVA modified by N-vinyl-2-caprolactam has an excellent advan- 
tage in that the resulting film is less likely to absorb moisture even when the degree of hydrolysis is low as compared 
with the PVAs modified by other N-vinylamide monomers. Therefore, N-vinyl-2-caprolactam is in particular preferably 
used as the N-vinylamide monomer. 

[0023] In the water-soluble film of the present invention, the content (amount of modification) of the N-vinylamide 
monomer unit contained in the modified PVA is essentially from 1 to 10 mole percent, and preferably from 2 to 8 mole 
percent. When the content of the N-vinylamide monomer unit is less than 1 mole percent, it cannot be said that the 
resulting film has a sufficient cold water solubility. On the other hand, when the content exceeds 10 mole percent, the 
modified PVA not only decreases in biodegradability but also increases in hygroscopicity. Accordingly, the resulting 
film has no stiffness, which presents a problem associated with the practical physical properties as the water-soluble 
film. It is noted that the cold water denotes 0°C to 40 °C water in the present invention. 

[0024] The water-soluble film may be required to have high strength and flexibility even when the thickness is as 
thin as 10 to 200 a m. For this reason, from the viewpoints of the strength and the toughness of the film, the degree 
of polymerization (viscosity-average polymerization degree) of the modified PVA to be used in the present invention 
is essentially from 300 to 3000, and preferably from 400 to 2500, and from the viewpoint of the water solubility of the 
film, in particular preferably from 500 to 2000. When the viscosity-average polymerization degree of the modified PVA 
is less than 300, the film tends to be reduced in strength. Whereas, when it is more than 3000, the solution viscosity 
or the melt viscosity of the film forming material may increase, resulting in a reduction in workability, or a reduction in 
solubility of the resulting film. 

[0025] The viscosity-average polymerization degree of the modified PVA is measured according to the method de- 
scribed in JIS. Namely, it can be determined from the limiting viscosity (dl/g) measured in 30 °C water after rehy- 
drolyzing and purifying the modified PVA according to the foUowing equation: 



P = ([il] x 1000/8.29) (1/062) 
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[0026] In the present invention, the degree of hydrolysis of the modified PVA is essentially from 75 to 99.5 mole 
percent from the viewpoints of the strength, stiffness, and bag making property of the resulting film. If the degree of 
hydrolysis of the modified PVA is less than 75 mole percent, the resulting film has no stiffness, and is reduced in 
morphological stability, and when an alkaline substance or an acidic substance is packaged in the film, and stored, the 
film may be reduced in water solubility. On the other hand, a modified PVA having a degree of hydrolysis of more than 
99.5 mole percent cannot be produced with stability on an industrial scale. Accordingly, it is not possible to perform 
film formation from such a modified PVA with stability. 

[0027] The degree of hydrolysis of the modified PVA is, from the viewpoints of the chemical resistance and the 
morphological stability of the resulting film, from 75 to 99.5 mole percent, more preferably from 82 to 99.5 mole percent, 
still more preferably from 86 to 99.4 mole percent, in particular preferably from 90 to 99.2 mole percent, and most 
suitably from 92 to 99.0 mole percent. The degree of hydrolysis of the modified PVA is measured according to the 
method described in JIS. 

[0028] In the present invention, the total content of a carboxyl group and a lactone ring of the modified PVA is es- 
sentially from 0.020 to 4.0 mole percent, preferably from 0.022 to 3.0 mole percent, more preferably from 0.024 to 2.5 
mole percent, and in particular preferably from 0.025 to 2.0 mole percent. In the water-soluble film of the present 
invention, the carboxyl groups include alkali metal salts thereof, and as the alkalUmetals, mention may be made of 
potassium and sodium. 

• [0029] When the total content of a carboxyl group and a lactone ring is less than 0.020 mole percent, the resulting 
film is insufficient in terms of cold water solubility and morphological stability, so that it does not become a water-soluble 
film intended by the present invention. On the other hand, when the total content of the carboxyl group and the lactone 
ring exceeds 4.0 mole percent, the biodegradability of the modified PVA decreases. 

[0030] As methods for producing a modified PVA having an N-vinylamide monomer unit, and a carboxyl group and 
a lactone ring, there may be mentioned: (1) a method in which a vinyl ester polymer obtained by copolymerizing a vinyl 
ester monomer such as'vinyl acetate, an N-vinylamide monomer, and a monomer capable of forming a carboxyl group 
and a lactone ring is hydrolyzed in a solution such as alcohol or dimethyl sulfoxide; (2) a method in which a vinyl ester 
monomer and an N-vinylamide monomer are copolymerized in the presence of a thiol compound containing a carboxyl 
group such as mercaptoacetic acid and 3-mercaptopropionic acid, and then, the resulting vinyl ester polymer is hydro- 
lyzed; (3) a method in which during copolymerization of a vinyl ester monomer such as vinyl acetate and an N-vinylamide 
monomer, the chain transfer reactions to an alkyi group of the vinyl ester monomer and the vinyl ester polymer are 
effected to obtain a highly branched vinyl ester polymer, followed by hydrolysis thereof; (4) a method in which a copol- 
ymer of a monomer having an epoxy group, a vinyl ester monomer, and an N-vinylamide monomer is allowed to react 
with a thiol compound having a carboxyl group, followed by hydrolysis; (5) a method in which an N-vinylamide monomer 
and a vinyl ester monomer are copolymerized, and then the acetalizing reaction of the resulting vinyl ester polymer 
and aldehydes having a carboxyl group is performed; and the like. 

[0031 ] As the aforesaid vinyl ester monomers, mention may be made of vinyl formate, vinyl acetate, vinyl propionate, 
vinyl valerate, vinyl caprate, vinyl laurate, vinyl stearate, vinyl benzoate, vinyl pivalate, vinyl versatate, and the like. 
Out of these, vinyl acetate is preferred from the viewpoint of industrially obtaining the modified PVA. 
[0032] As the aforesaid monomers capable of forming a carboxyl group and a lactone ring, mention may be made 
of monomers having carboxyl groups derived from fumaric acid, maleic acid, itaconic acid, maleic anhydride, itaconic 
anhydride, and the like; acrylic acid and salts thereof; acrylic esters such as methyl acrylate, ethyl acrylate, n-propyl 
acrylate, and i-propyl acrylate; methacrylic acid and salts thereof; methacryfic esters such as methyl met h acrylate, 
ethyl methacrylate, n-propyl methacryJate, and i-propyl methacrylate; acrylamide and acryJamide derivatives such as 
N-methylacrylamide and N-ethylacrylamide: and methacrylamide and methacrylamide derivatives such as N-methyl- 
methacrylamide and Nethylmethacrylamide. 

[0033] The content of the carboxyl group and the lactone ring of the modified PVA can be determined from the proton 
NMR peak. 

[0034] In the present invention, the modified PVA may contain other monomer units than the vinyl alcohol unit, the 
vinyl ester monomer unit, the N-vinylamide monomer unit, and the monomer unit capable of forming a carboxyl group 
and a lactone ring unless the effects of the present invention are impaired. As such monomer units, mention may be 
made of monomer units: a-olefins such as ethylene, propylene, and 1 -hexene; vinyl ethers such as methyl vinyl ether, 
ethyl vinyl ether, n-propyl vinyl ether, i-propyl vinyl ether, and n-butyl vinyl ether; vinyl ethers having a hydroxy group 
such as ethylene glycol vinyl ether, 1 ,3-propanediol vinyl ether, and 1 ,4-butanediol vinyl ether; allyl acetate; ailyl ethers 
such as propyl allyl ether; monomers having an oxyalkylene group; vinyl silanes such as vinyl trimethoxysilane; iso- 
propenyj acetate; a-olefins having a hydroxy group such as 3-buten-1-oL 4-penten-1 -ol, 5-hexen-1 -ol, 7-octen-1 -ol, 
and 3-methyl-3-buten-1-ol; monomers having a sulfonic group derived from ethylenesulfonic acid, allylsulfonic acid, 
methallylsulfonic acid. 2-acrylamide-2-methyipropanesulfonic acid, or the like; and monomer units obtained by copo- 
lymerizing monomers having a cationic group derived from vinyloxyethyl trimethylammonium chloride, vinyloxybutyl 
trimethylammonium chloride, vinyloxyethyl dimethylamine, vinyloxymethyl diethylamine, N-acrylamidemethyl trimeth- 
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ylammonium chloride, N-acrylamideethyl trimethylammonium chloride, N-acrylamidedimethylamine, allyltrimethylam- 
monium chloride, methallyl trimethylammonium chloride, dimethylallylamine, allylethylamine, or the like. The content 
of each of these monomer units varies according to the intended purpose and use, but generally it is not more than 5 
mole percent, and preferably not more than 2 mole percent. 

[0035] The modified PVA to be used in the present invention may also be a terminal modified product obtained in 
the following manner. Namely, a vinyl ester monomer such as vinyl acetate and an N-vinylamide monomer are copo- 
lymerized in the presence of a thiol compound such as 2-mercaptoethanol or n-dodecanethiol except for the aforesaid 
thiol compound having a carboxyl group. The resulting vinyl ester polymer is hydrolyzed. 

[0036] As methods for copolymerizing the aforesaid vinyl ester monomer, N-vinylamide monomer, and monomer 
capable of forming a carboxyl group and a lactone ring, mention may be made of known methods such as bulk polym- 
erization method, solution polymerization method, suspension polymerization method, and emulsion polymerization 
method. Out of these, the bulk polymerization method whereby polymerization is performed without the use of solvent 
or the solution polymerization method whereby polymerization is performed in a solvent such as alcohol is generally 
employed. As alcohols to be used as solvents for solution polymerization, mention may be made of lower alcohols 
such as methanol, ethanol, and propanol. As initiators to be used forcopolymerization, mention may be made of known 
initiators including azo-based initiators such as 2,2*- 

azobis(isobutyronitrile), 2.2'-azobis(2,4- dimethylvaleronitrile), or peroxide-based initiators such as benzoyl peroxide 
and n-propyl peroxycarbonate. Although the polymerization temperature has no particular restriction, it is suitably within 
a range of from 0 °C to 150 °C. 

[0037] In the present invention, the modified PVA can be obtained in the following manner. Namely, a vinyl ester 
polymer obtained by copolymerizing the vinyl ester monomer, N-vinylamide monomer, and monomercapable of forming 
a carboxyl group and a lactone ring is hydrolyzed by using an alkali catalyst such as potassium hydroxide or sodium 
hydroxide, or an acid catalyst such as sulfuric acid, hydrochloric acid or p-toluenesulfonic acid generally in one or at 
least two solvents selected from alcohols such as methanol, esters such as methyl acetate, and dimethyl sulfoxide, 
preferably in a lower alcohol solvent such as methanol. The conditions for the hydrolysis reaction are appropriately 
adjusted according to the structure of the vinyl ester polymer and the degree of hydrolysis of the objective vinyl alcohol 
polymer. However, in general, the reaction is carried out in a catalyst / vinyl ester monomer unit molar ratio of from 
0.001 to 5.0, at a reaction temperature of from 20 to 180 °C, for a reaction time in the range of from 0.1 to 20 hours. 
As the hydrolysis method, known methods such as a batch method and a continuous method are applicable. 
[0038] As for the water-soluble film of the present invention, when it contains a specific amount of an alkali metal, 
the film is excellent particularly in cold water solubility and film forming property. The content of the alkali metal per 
1 00 parts by weight of the modified PVA is preferably from 0.05 to 2 parts by weight, more preferably from 0.08 to 1 .5 
parts by weight, and in particular preferably from 0.1 to 1.0 part by weight in terms of sodium. As the alkali metals, 
mention may be made of potassium and sodium, which can be present mainly as salts of lower fatty acids such as 
acetic acid and propionic acid, or salts of acid groups such as the carboxyl group and the sulfonic group contained in 
the monomer unit of the modified PVA. Further, the alkali metal may be properly present in an additive for the water- 
soluble film, described below. 

[0039] When the content of the alkali metal is less than 0.05 part by weight, the effects of improving the cold water 
solubility and the film forming property may not be produced. Particularly when the film is produced by a melt film 
formation method, a high degree of gelation occurs during melting of the modified PVA. Accordingly, the film forming 
property is reduced, and hence the productivity is reduced. On the other hand, when the content of the alkali metal is 
more than 2 parts by weight, unpreferably, the film tends to be colored presumably due to the fact that the modified 
PVA has a carboxyl group. 

[0040] In the present invention, the method for allowing a specific amount of alkali metal to be contained in the water- 
soluble film has no particular restriction. Mention may be made of a method in which an alkali metal-containing com- 
pound typified by an alkali metal salt of a lower fatty acid such as acetic acid or propionic acid is added during preparation 
of a modified PVA solution; a method in which the same alkali metal-containing compound is added during fabrication 
of a pellet made of a modified PVA; and the like. 

[0041] The content of the alkali metal can be determined by an atomic absorption method. 

[0042] To the water-soluble film of the present invention, if required, a saccharide may be mixed. As saccharides, 
mention may be made of monosaccharides such as glucose, oligosaccharides, polysaccharides, and linear sugar 
alcohols such as mannite. As the polysachharides, mention may be made of starch, cellulose, chitin, chitosan, hemi- 
cellulose, pectin, pullulan, agar, alginic acid, carageenan, dextrin, trehalose, and the like. One or at least two of these 
may be used. As linear sugar alcohols, mention may be made of tetrits having 4 carbon atoms such as threit and 
erythrit. pentits having 5 carbon atoms such as arabit and xylit, and hexits having 6 carbon atoms such as glycit, 
mannite, and sorbit. By adding a saccharide thereto, it is possible to further enhance the water solubility and the 
biodegradabiiity of the film, to enhance the borate ion resistance, or to reduce the decrease in cold water solubility 
after packaging of, particularly, PVA-degrading chemicals (chlorine-based substances, etc.). In particular, starch is 
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preferably mixed therein out of the saccharides because of the good cold water solubility of the film upon addition of 
the saccharide. Examples of starch usable include raw starches from corn ; potato, and the like, and processed starches 
obtained by subjecting them to a physical or chemical treatment (dextrin, oxidized starch, etherified starch, cationized 
starch, and the like). 

[0043] The amount of the saccharide to be mixed is preferably from 1 to 100 parts by weight, more preferably from 
2 to 90 parts by weight, and in particular preferably from 3 to 80 parts by weight, per 1 00 parts by weight of the modified 
PVA. In general, the compatibility between a PVA and a saccharide is bad. Therefore, when a saccharide is mixed in 
the PVA in large amounts, the resulting film is largely reduced in mechanical physical properties such as film strength. 
However, the modified PVA to be used in the water-soluble film of the present invention has a feature of excellent 
compatibility with saccharides, particularly with starch. For this reason, it is possible to mix a saccharide in large 
amounts in the water-soluble film of the present invention. If the amount of the saccharide to be mixed is less than 1 
part by weight, the effect of improving the water solubility and the biodegradability of the film may not be produced. On 
the other hand, if the amount of the saccharide to be mixed is more than 100 parts by weight, the low temperature 
impact resistance of the film is reduced. As a result, bag breakage becomes more likely to occur. 
[0044] To the water-soluble film of the present invention, if required, a gallic acid or an alkyl ester thereof having 1 
to 5 carbon atoms, and a hydroxycarboxylic acid having a reducing property or a salt thereof may be further mixed. 
[0045] The gallic acid or an alkyl ester thereof having 1 to 5 carbon atoms has a function of inhibiting the film after 
packaging of a chlorine-containing compound from becoming water insoluble. Specific examples of the gallic acid and 
alkyl esters thereof having 1 to 5 carbon atoms include gallic acid and salts thereof, methyl gallate, ethyl gallate, propyl 
gallate, and isoamyl gallate. Out of these, gallic acid and propyl gallate are more preferred in terms of chlorine resist- 
ance. The amount of gallic acid or an alkyl ester thereof having 1 to 5 carbon atoms to be mixed is preferably from 
0.05 to 20 parts by weight, more preferably from 0.1 to 10 parts by weight, and in particular preferably from 0.2 to 3 
parts by weight, per 1 00 parts by weight of the modified PVA. When the amount of gallic acid or an alkyl ester thereof 
having 1 to 5 carbon atoms to be mixed exceeds 20 parts by weight, unpreferably, the strength of the film may be 
reduced, or the gallic acid or the alkyl ester thereof having 1 to 5 carbon atoms may precipitate on the surface of the film. 
[0046] The reducing hydroxycarboxylic acid or a salt thereof has a function of improving the water solubility of the 
film. Further, it has a function of preventing the coloration of the film caused by the action of the gallic acid or the alkyl 
ester thereof having 1 to 5 carbon atoms and a polyvalent metal ion such as iron ion contained in the piping in the 
production step of the film. Specific examples of usable hydroxycarboxylic acid or a salt thereof may include citric acid, 
tartaric acid. L-ascorbic acid, and malic acid, and salts thereof. Out of these, citric acid, tartaric acid, and L-ascorbic 
acid are preferred, and citric acid and tartaric acid are particularly preferred in terms of water solubility. 
[0047] The amount of hydroxycarboxylic acid or a salt thereof to be mixed is preferably from 0.01 to 10 parts by 
weight, more preferably from 0.05 to 5 parts by weight, and in particular preferably from 0.1 to 3 parts by weight, per 
100 parts by weight of the modified PVA. When the amount of hydroxycarboxylic acid or a salt thereof exceeds 10 
parts by weight, unpreferably, the strength of the film may be reduced, or the hydroxycarboxylic acid or the salt thereof 
may precipitate on the surface of the film. 

[0048] In general, the water-soluble film is required to have such strength and toughness as to be capable of with- 
standing use in high-temperature and high-humidity districts or cold districts. Particularly, it is required to have an 
impact resistance at a low temperature. To the water-soluble film of the present invention, various plasticizers may be 
mixed in order to lower the glass transition point of the film for the purpose of improving the impact resistance at a low 
temperature. Further, to the water-soluble film of the present invention, plasticizers may be mixed for the purpose of 
improving the solubility in water in addition to the foregoing purpose. 

[0049] The plasticizer to be mixed in the water-soluble film of the present invention has no particular restriction so 
long as it is commonly used as a plasticizer for a PVA. Examples thereof include polyhydric alcohols such as glycerin, 
diglycerin, diethylene glycol, triethyiene glycol, propylene glycol, dipropylene glycol, trimethyiolpropane, pentaerythritol, 
and 1 ,3-butanediol; polyethers such as polyethylene glycol and polypropylene glycol; polyvinylamides such as polyvinyl 
pyrrolidone; phenol derivatives such as bisphenol A and bisphenol S; amide compounds such as N-methylpyrrolidone 
and dimethylacetamide; compounds obtained by adding ethylene oxide to polyhydric alcohol such as glycerin, pen- 
taerythritol. and sorbitol: and water. These may be used singly or in combination of at least two. Out of these plasticizers , 
for the purpose of improving the water solubility, glycerin, diglycerin, diethylene glycol, triethyiene glycol, propylene 
glycol, dipropyiene glycol, trimethylol propane, polyethylene glycol, and polyvinyl pyrrolidone are preferably used. Par- 
ticularly, from the viewpoint of inhibiting the reduction in water solubility of the film due to the bleedout of the plasticizer, 
glycerin, diglycerin. trimethyiolpropane, polyethylene glycol, and polyvinyl pyrrolidone are in particular preferably used. 
[0050] The molecular weight of polyethylene glycol when polyethylene glycol is used as a plasticizer has no particular 
restriction. However, the number-average molecular weight is preferably from 1 00 to 1 000 in terms of the compatibility 
with the modified PVA and the effect of inhibiting the reduction in water solubility due to the bleedout. The molecular 
weight of polyvinyl pyrrolidone also has no particular restriction. However, the weight-average molecular weight is 
preferably from 1000 to 20000 in terms of the compatibility with the PVA. 



EP 1 251 147 A1 



[0051] The amount of the plasticizer to be mixed is preferably from 1 to 50 parts by weight per 100 parts by weight 
of the modified PVA. When the amount of the plasticizer to be added is less than 1 part by weight, the effect resulting 
from the addition of the plasticizer may not be produced. On the other hand, when the amount of the plasticizer to be 
added exceeds 50 parts by weight, bleedout of the plasticizer occurs to a larger extent, so that the resulting film may 
be reduced in antiblock properties. From the viewpoint of the rate of dissolution of the resulting film in water, the 
plasticizer is preferably used in an amount of at least 20 parts by weight per 100 parts by weight of the modified PVA. 
On the other hand : from the viewpoint of the stiffness (process passability on a bag making machine, etc.) of the 
resulting film, the plasticizer is preferably mixed in an amount of not more than 40 parts by weight per 100 parts by 
weight of the modified PVA. From the viewpoint of improving the water solubility of the resulting film, a larger amount 
of the plasticizer to be mixed is preferred. Further, the heat sealing temperature decreases with an increase in the 
amount of the plasticizer mixed, so that the productivity during film bag making tends to be improved. In particular, the 
plasticizer is preferably mixed in such a proportion that the heat sealing temperature of the resulting film is not more 
than 170 °C, and the plasticizer is more preferably mixed in such a proportion as to ensure not more than 160 °C. 
[0052] The amount of the plasticizer mixed is likely to affect the strength and the Young's modulus of the resulting 
film. However from the viewpoint of the practical utility of the resulting film, the strength of the film is preferably at least 
1 .0 kg/cm 2 , and more preferably at least 1 .5 kg/cm 2 . From the viewpoint of the process passability on a bag making 
machine orthe like of the resulting film, the Young's modulus of the film is preferably at least 1 .5 kg/cm 2 , more preferably 
at least 2.0 kg/cm 2 , and in particular preferably at least 2.5 kg/cm 2 . The plasticizer is preferably mixed so as to obtain 
a film having a Young's modulus within such a range. 

[0053] To the water-soluble film of the present invention, if required, an inorganic filler may further be mixed. Examples 
of the inorganic filler to be used in the water-soluble film of the present invention may include clays and talks such as 
silica, heavy, light, or surface-treated calcium carbonate, aluminum hydroxide, aluminum oxide, titanium oxide, dia- 
tomaceous earth, barium sulfate, calcium sulfate, zeolite, zinc oxide, silicic acid, silicate salts, mica, magnesium car- 
bonate, kaolin, halloysite, pyrophyllite, and sericite. These may be used singly or in combination of at least two thereof. 
Out of these, talk is preferably used particularly from the viewpoint of the dispersibility in the modified PVA. The mean 
particle size of the inorganic filler is preferably at least 1 urn from the viewpoint of the antiblock properties of the film, 
whereas it is preferably not more than 1 0 t um from the viewpoint of the dispersibility in the modified PVA. For satisfying 
both of the required characteristics of the antiblock properties of the film produced due to mixing of the inorganic filler 
and the dispersibility of the inorganic filler in the modified PVA, it is more preferable that an inorganic filler with a mean 
particle size of about 1 to 7 am is used. 

[0054] The amount of the inorganic filler to be mixed is preferably from 0.5 to 20 parts by weight, more preferably 
from 0.7 to 1 5 parts by weight, and in particular preferably from 1 to 1 0 parts by weight per 1 00 parts by weight of the 
modified PVA from the viewpoint of the antiblock properties of the film and the dispersibility of the inorganic filler in the 
modified PVA. Incidentally, if the inorganic filler is mixed in an amount of more than 20 parts by weight, the dispersibility 
in the modified PVA decreases, and hence the inorganic filler aggregates. In consequence, the resulting film tends to 
be reduced in water solubility. 

[0055] To the water-soluble film of the present invention, if required, additives such as colorants, perfumes, extenders, 
antifoaming agents, release agents, ultraviolet absorbers, and surfactants may be further mixed appropriately with no 
problem. Particularly, for improving the releasability between the metal surface of a die or drum of a film-producing 
machine and the films formed or a film-forming solution, a surfactant is preferably mixed in an amount of from 0.01 to 
5 parts by weight per 1 00 parts by weight of the modified PVA. Further, to the water-soluble film of the present invention, 
if required, a PVA of a different type from the modified PVA used in the present invention, a water-soluble polymer 
such as carboxymethyJcelluiose, polyacrylamide, polyacrylic acid or a salt thereof, methylcellulose, or hydroxymethyl- 
cellulose may be mixed unless the effects of the present invention are impaired. Particularly, from the viewpoint of 
improving the water solubility of the film, a low viscosity type of carboxymethylcellulose is preferably added. 
[0056] In producing the water-soluble film of the present invention, the raw material for production can be prepared 
in the following manner. Namely, to the modified PVA, if required, a plasticizer, a saccahride, an inorganic filler, and 
other components are mixed. These are blended by a known method such as a method in which the mixture is dissolved 
or dispersed in a solvent in a stirring vessel, or a method in which the mixture is melt-kneaded in an extruder. 
[0057] The water-soluble film of the present invention can be produced by a film forming method commonly used 
for film formation, such as film casting, wet process film formation, dry process film formation, film extrusion, melting 
film formation, coating process, or inflation film formation method. For example, the components required for forming 
the water-soluble film of the present invention are dissolved in a mixed solution of one or at least two of the solvents 
as exemplified in water dimethylsulfoxide. dimethylformamide, dimethyiacetamide, methanol, n-propanol, i-propanol, 
phenol, and the like to prepare a homogeneous film-forming solution. Then, a film can be formed by a film forming 
method such as a film casting method. The concentration of the film-forming solution is preferably not more than 50 
% by weight (the solvent content being at least 50 % by weight) from the viewpoint of the viscosity, and more preferably 
not more than 30 % by weight (the solvent content being at least 70 % by weight) from the viewpoint of the ease of 
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formation of a matte state in the surface of the film produced. 

[0058] The thickness of the water-soluble film of the present invention is preferably from 10 to 200 u,m, from the 
viewpoint of the balance between the strength and the water solubility of the film, more preferably from 20 to 150 u,m, 
and in particular preferably from 30 to 120 um 

[0059] For improving the antiblock properties of the water-soluble film of the present invention, if required, it is possible 
to roll-matte the surface of the water-soluble film, to spread antiblocking powder of silica, starch, or the like to the water- 
soluble film, or to perform embossing. The film surface can be roll-matted by forming minute irregularities on the roll 
to be in contact with a film before drying during film formation. The embossing can be effected generally by nipping 
the film after formation between an embossing roll and a rubber roll under application of heat and pressure. Powder 
spreading is highly effective in preventing blocking, but may not be employed according to the use of the film. Therefore, 
blocking is preferably prevented by roll-matting or embossing. Roll-matting is particularly preferred in terms of how 
effectively blocking is prevented. 

[0060] The water-soluble film of the present invention is excellent in rate of dissolution in cold water. The time required 
for complete dissolution in 10 °C water (film thickness 50 u.m) is preferably not more than 200 seconds, more preferably 
not more than 150 seconds, and in particular preferably not more than 100 seconds. The time required for complete 
dissolution in 10 °C water, so referred to in this specification is the value obtained in the following manner. Namely, a 
50 u,m-thick film is cut into a 40 mm x 40 mm square piece, which is then fixed on a slide mount, and immersed in the 
water stirred at 10 °C. The time required for the film to completely dissolve is measured. When a film having a thickness 
different from 50 uxn is used, it is the value converted based on the case where the film thickness is 50 u.m according 
to the following equation (1): 

Dissolution time (second) = (50/film thickness (u.m)) 2 x Dissolution time (second) (1) 

[0061] The modified PVA to be used in the present invention is excellent in biodegradability. It shows a biodegrad- 
ability of at least 60 %, more preferably at least 65 %, still more preferably at least 70 %, and in particular preferably 
at least 75 %. This indicates that the water-soluble film of the present invention is more excellent in biodegradability 
as compared with a conventional water-soluble film using an unmodified partially hydrolyzed PVA or an ion modified 
PVA. The biodegradability of the modified PVA is determined by using activated sludge with the method according to 
ISO 14851. 

[0062] By using the water-soluble film of the present invention, the contents such as an acidic substance or a chlorine- 
containing compound is packaged therein. In consequence, it is possible to obtain a package. 

[0063] The form of the acidic substance is liquid, solid, powder, granular, or other form, and has no particular restric- 
tion. The water-soluble film of the present invention is also preferably used for packaging an acidic substance in liquid 
form, which has been difficult to package by a water-soluble film in the art. When the acidic substance is liquid form, 
the film is required to have a high morphological stability for packaging. Further, when an acidic substance in solid 
form is packaged therein, the only problem is the reduction in physical properties of the film surface to be contact with 
the acidic substance. Whereas, when the acidic substance is liquid form, the acidic substance penetrates throughout 
the inside of the film, unfavorably, resulting in a significant reduction in physical properties. The water-soluble film of 
the present invention has excellent morphological stability and acid resistance, and hence it can package even an 
acidic substance in liquid form. 

[0064] The water-soluble film of the present invention is applicable to any acidic substances so long as the acidic 
substances have a pH of not more than 6 when made into a 1 % by weight of aqueous solution or aqueous dispersion. 
Examples of the acidic substance include agrochemicals, deodorants, and detergents. 

[0065] The chlorine-containing compound is a substance containing chlorine in the molecule. Examples thereof in- 
clude agrochemicals, bactericides, and bleaching agents. Specific examples of the chlorine-containing compound in- 
clude isocyanuric acid trichloride, isocyanuric acid dichlonde, the sodium salt of isocyanuric acid dichloride, N,N-dichlo- 
rohydantoin, and N-chloro-N-bromo-5 ; 5-dimethylhydantoin. Examples of the agrochemicals include chloropicrin, 
1 .3-dichloropropene ; and dichloroisopropyl ether. The chlorine-containing compound is in granular, tablet, powder or 
other form : or it may also be in liquid form. The chlorine-containing compound may contain a carrier such as talc, kaolin, 
bentonite : or diatomaceous earth, and extender, and in addition, a surfactant and a dispersant to improve the affinity 
for water and to achieve uniform dispersion. 

[0066] The package produced from the water-soluble film of the present invention rapidly dissolves only by being 
thrown into water as it is, and the contents is rapidly released in water. 

[0067] The following examples illustrate the present invention specifically, but not limit the scope of the present 
invention. 

[0068] Incidentally, in the examples, "partfs)" and "%" mean "part(s) by weight" and "% by weight", respectively, 
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unless otherwise specified, it is noted that the measurements and analyses of various characteristics of films were 
carried out in the following manner. 

[Method for measuring the water solubility of a film] 

[0069] A 10 °C constant temperature bath was equipped with a magnetic stirrer. A one-liter glass beaker containing 
1 liter of distilled water was placed in the constant temperature bath, and the beaker contents were stirred at 250 rpm 
using a 5-cm rotor. After the temperature of the distilled water in the beaker reached 1 0 °C, the water solubility meas- 
urement was started. 

[0070] A film was cut into a 40 mm x 40 mm square piece, which was then fixed on a slide mount, and immersed in 
the water stirred at 10 °C, and the state of dissolution of the film was observed. The time (in second) required for the 
film to completely dissolve was measured. When a film having a thickness different from 50 u,m is used ; the measured 
value is converted to the value based on the film thickness of 50 urn according to the following equation (1 ): 

Dissolution time (second) = (50/film thickness (u.m)) 2 x Dissolution time (second) (1) 
[Method for measuring the Young's modulus and strength] 

[0071 ] Film specimens having a width of 1 0 mm were conditioned under a 20 °C and 65%RH atmosphere for 1 week, 
and then subjected to tensile testing using an autograph. The chuck distance was 50 mm, and the rate of pulling was 
500 mm/min. 

[Method for evaluating the chemical resistance] 

[0072] A 10 cm x 15 cm bag was made from the film. Then, 40 g of a mixture of bordeaux mixture and diatomaceous 
earth (weight ratio 1 :3) was charged in the inside thereof as a chemical, and hermetically enclosed therein by heat 
sealing at 140 °C. The packaging bag was further wrapped in a film obtained by laminating polyethylene on aluminum, 
and the film was heat sealed. In consequence, the chemical was doubly hermetically packaged, so that water and 
plasticizers were prevented from scattering out of the packaging bag hermetically packaging the chemical. As an ac- 
celerated long-term storability test, this bag was placed in a 40 °C thermostat, and allowed to stand. After four weeks, 
it was taken out, and the water solubility of the packaged film was measured with the aforesaid measurement method 
to check the change with time from before packaging of the chemical. 

[Method for evaluating the acid resistance] 

[0073] The test was carried out in the same manner as the foregoing method for evaluating the chemical resistance, 
except that 35 g of a fine powder of succinic acid (pH of 1 % by weight of the aqueous solution: 2.4) was used as a 
chemical. 

[Method for evaluating the chlorine resistance] 

[0074] A 1 0 cm x 1 0 cm bag was made from the film, and conditioned under the conditions of 20 °C and 65%RH for 
1 week. Then, 35 g of a tablet of pool bactericide containing trichloroisocyanuric acid as a main component was charged 
in the inside thereof as a chemical, and hermetically enclosed therein by heat sealing. The packaging bag was further 
wrapped in a film obtained by laminating polyethylene on aluminum, and the film was heat sealed. In consequence, 
the chemical was doubly hermetically packaged, so that water and plasticizers were prevented from scattering out of 
the packaging bag hermetically enclosing the chemical. As an accelerated long-term storability test, this bag was placed 
in a 40 °C thermostat, and allowed to stand. After four weeks, it was taken out, and the colorability, flexibility, and water 
solubility of the packaged film were evaluated by the following methods to check the change with time from before 
packaging of the chemical. 

[Method for evaluating the coloration of the film] 

[0075] The coloration of the film after packaging of a chlorine-containing compound was evaluated based on the 
following criteria: 
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O: No coloration 
A: slightly yellowed 
x: discolored in brown 

[Method for evaluating the flexibility of the film] 

[0076] The flexibility of the film after packaging of a chlorine-containing compound was evaluated by the texture 
based on the following criteria: 

O: Flexible 

A: slightly hardened 

x : hardened 

Synthetic Example 1 (Synthesis of modified PVA) 

[0077] A 5-L reactor equipped with a stirrer, a reflux condenser a nitrogen inlet tube, and a thermometer was charged 
with 2040 g of a vinyl acetate monomer 905 g of methanol, 11 0.7 g of a 50 % methanol solution of N-vinyl-2-caprolactam , 
and 4.3 g of a 10 % methanol solution of an itaconic acid. The resulting solution was degassed by bubbling a nitrogen 
gas therethrough for 30 minutes. The increase of the temperature of the reactor was started. The polymerization was 
started by adding 1 .5 g of 2 r 2 , -azobis(isobutyronitrile) therein when the inside temperature reached 60 °C. Polymeri- 
zation was carried out while successively adding the 50 % methanol solution of N-vinyl-2-caprolactam, and the 10 % 
methanol solution of an itaconic acid so as to achieve a constant molar ratio relative to the vinyl acetate monomer. 
After 5 hours, the polymerization was stopped by' cooling. The solid content at this step was 34 %. 
[0078] Then, the unreacted vinyl acetate monomer was removed at 30 °C under reduced pressure while occasionally 
adding methanol. A methanol solution of polyvinyl acetate copolymer (concentration 33 %) was thus obtained. Then, 
to a methanol solution of polyvinyl acetate copolymer whose concentration had been adjusted to 25 % by addition of 
methanol, a methanol solution of NaOH (10% concentration) with an alkali molar ratio (number of moles of NaOH / 
number of moles of vinyl acetate monomer unit) of 0.03 was added for hydrolysis. The degree of hydrolysis of the 
resulting modified PVA (PVA-1) was 98.4 mole percent. 

[0079] To 1 g of the resulting modified PVA, 10 g of methanol was added. The temperature was increased to 60 °C 
to swell the modified PVA. Subsequently, 5 g of a methanol solution of NaOH (10 % concentration) was added thereto 
with stirring at 60 °C for 3 hours. The resulting solution was subjected to Soxhlet extraction with methanol for 3 days, 
then dried to obtain a purified product of the modified PVA. The amount of N-vinyl-2-caprolactam monomer unit and 
the total content of the carboxyl group and the lactone ring unit determined from the proton NMR measurement of the 
modified PVA were 4.0 mole percent and 1 .0 mole percent, respectively. Further, the mean degree of polymerization 
of the PVA was measured according to the conventional method of JIS K6726, and found to be 1500. 
[0080] Each of modified PVAs (PVAs-2 to 10, and 12 to 27) was synthesized in the same manner as with the PVA- 
1 , except that the polymerization conditions were changed so that the type and amount of the comonomer, the total 
amount of the carboxyl group and the lactone ring, the degree of polymerization, and the degree of hydrolysis were 
as shown in Table 1 below. The contents of the modified PVAs thus synthesized are shown in Table 1 . 

Synthetic Example 2 (Synthesis of PVA) 

[0081] A 5-L reactor equipped with a stirrer, a reflux condenser, a nitrogen inlet tube, and a thermometer was charged 
with 2100 g of a vinyl acetate monomer and 900 g of methanol. The resulting solution was degassed by bubbling a 
nitrogen gas therethrough for 30 minutes. The increase of the temperature of the reactor was started. The polymeri- 
zation was started by adding 0.4 g of 2,2'-azobis(isobutyronithle) therein when the inside temperature reached 60 °C. 
After 5 hours, the polymerization was stopped by cooling. The solid content at this step was 27%. Then, the unreacted 
vinyl acetate monomer was removed at 30 °C under reduced pressure wh ile occasionally adding methanol. A methanol 
solution of polyvinyl acetate (concentration 33 %) was thus obtained. Then, to a methanol solution of polyvinyl acetate 
copolymer whose concentration had been adjusted to 25 % by addition of methanol, a methanol solution of NaOH 
(10% concentration) with an alkali molar ratio (number of moles of NaOH / number of moles of vinyl acetate monomer 
unit) of 0.005 was added for hydrolysis. The degree of hydrolysis of the resulting modified PVA (PVA-1 1) was 88.0 
mole percent. 

[0082] To 1 g of the resulting PVA. 10 g of methanol was added. The temperature was increased to 60 °C to swell 
the PVA. Subsequently.. 5 g of a methanol solution of NaOH (10 % concentration) was added thereto with stirring at 
60 °C for 3 hours. The resulting solution was subjected to Soxhlet extraction with methanol for 3 days, and then dried 
to obtain a purified product of the PVA. The mean degree of polymerization of the PVA was measured according to 
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the conventional method of JIS K6726, and found to be 1500. 
Example 1 

[0083] To every 100 parts by weight of the modified PVA (PVA-1) shown in Table 1 , were added 15 parts by weight 
of glycerin as a plasticizer, 10 parts by weight of etherified starch, 5 parts by weight of talk with a mean particle size 
of 3 jim, sodium acetate in such an amount as to give 0.8 part by weight of sodium as an alkali metal, and water to 
form a 5 % homogeneous aqueous solution (water content 95 %). The resulting solution was cast onto a polyester 
film, and dried at room temperature. Then ; the resulting film was released from the polyester film to obtain a 50 urn- 
thick film. The film thus obtained was subjected to a heat treatment at 100 °C for 10 minutes. The film was measured 
for its water solubility. As a result, the complete dissolution time in 10 °C water was 61 seconds. As the criteria for 
operability such as process passability typified by the stiffness of the film, the film was conditioned to 20 °C and 65%RH, 
and measured for its Young' s modulus and strength. As a result, the Young' s modulus and strength were found to be 
3.6 kg/mm 2 and 3.0 kg/cm 2 , respectively. Further, the modified PVA (PVA-1 ) was evaluated for its biogradability by the 
method according to ISO 1 4851 . The biodegradability was found to be 83 %. 

[0084] Subsequently, the chemical resistance was evaluated. As a result, the time required for the film after packaging 
of the chemical to completely dissolve in 10 °C water was 62 seconds, and the reduction in water solubility was not 
observed. 

Examples 2 to 10 

[0085] Each film was produced in the same manner as in Example 1 , except that the contents of the modified PVA, 
and types and amounts of the alkali metal, plasticizer, saccharide, and inorganic filler were changed as shown in Tables 
1 and 2, and various evaluations thereof were carried out. The evaluation results are shown in Table 3. 

Examples 11 and 12 

[0086] Evaluations were carried out in the same manner as in Example 1 , except that the contents of each modified 
PVA, and types and amounts of each saccharide, and inorganic filler were changed as shown in Tables 1 and 2, and 
a succinic acid fine powder was used as a chemical to evaluate each acid resistance. The evaluation results are shown 
in Table 3. 

Examples 13 to 15 

[0087] Evaluations were carried out in the same manner as in Example 1 , except that the contents of each modified 
PVA, and types and amounts of each additive and inorganic filler were changed as shown in Tables 1 and 2, and a 
pool bactericide containing trichloroisocyanuric acid as a main component was used as a chemical to evaluate each 
chlorine resistance. The evaluation results are shown in Table 4. 

Comparative Examples 1 to 7 

[0088] Each film was produced in the same manner as in Example 1 , except that the contents of the modified PVA, 
and the amount of the alkali metal were changed as shown in Tables 1 and 2, and various evaluations thereof were 
carried out. The evaluation results are shown in Table 3. 

[0089] The film made of an unmodified PVA with a degree of hydrolysis of 88 mole percent is inferior in chemical 
resistance (Comparative Example 1). As for the film based on a modified PVA having only a carboxyl group and a 
lactone ring, when the degree of hydrolysis of the modified PVA is as high as 98.1 mole percent, the water solubility 
is inferior (Comparative Example 2), whereas, when the degree of hydrolysis of the modified PVA is as low as 88.2 
mole percent, the acid resistance becomes an issue (Comparative Example 3). Whereas, when the total amount of 
the carboxyl group and the lactone ring of the modified PVA is more than 4.0 mole percent, the biodegradability of the 
modified PVA is reduced (Comparative Example 4). 

[0090] The film based on a modified PVA having a sulfonic group, and not having a carboxyl group and a lactone 
ring is apparently inferior in biodegradability as compared with the films of Examples (Comparative Example 5). The 
films each made of a modified PVA using only polyoxyethylene monoallyl ether as a comonomer are insufficient in 
terms of water solubility (Comparative Examples 6 and 7). 
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Comparative Examples 8, 9 and 15 

[0091] Each film was produced in the same manner as in Example 1 , except that the contents of the modified PVA 
were changed as shown in Table 1 , and various evaluations thereof were carried out. The evaluation results are shown 
5 in Table 3. 

[0092] When the comonomer content is less than 1 mole percent, the film is inferior in water solubility (Comparative 
Example 8). On the other hand, when the comonomer content is more than 10 mole percent, the biodegradablity of 
the modified PVA is inferior and in addition, the strength of the film is small (Comparative Examples 9 and 15). 

10 Comparative Examples 10, 11, 14, 16 and 1 7 

[0093] Each film was produced in the same manner as in Example 1 , except that the contents of the modified PVA 
were changed as shown in Table 1 , and various evaluations thereof were carried out. The evaluation results are shown 
in Table 3. When the degree of hydrolysis is less than 75 mole percent, the film has small Young's modulus and strength 
'5 (Comparative Examples 10 and 14). When the total content of a carboxylic acid and a lactone ring is more than 4.0 
mole percent, the biodegradablity of the modified PVA is inferior, and in addition, the strength of the film is small (Com- 
parative Examples 1 1 and 1 6). Whereas, when the total content of a carboxylic acid and a lactone ring is smaller than 
0.02 mole percent, the film is not only insufficient in solubility, but also inferior in chemical resistance 

20 (Comparative Example 1 7). 

Comparative Examples 12 and 13 

[0094] Each film was produced in the same manner as in Example 1 , except that the contents of the modified PVA 
25 were changed as shown in Table 1 , and various evaluations thereof were carried out. The evaluation results are shown 
in Table 3. 

[0095] When the degree of polymerization of the modified PVA is more than 3000, the film is inferior in water solubility 
(Comparative Example 12). When the degree of polymerization of the modified PVA is less than 300, the film has a 
small strength (Comparative Example 13). 

30 

Comparative Examples 18 and 19 

[0096] Evaluations were carried out in the same manner as in Example 1 , except that the contents of each modified 
PVA, and the amount of each saccharide were changed as shown in Tables 1 and 2, and a succinic acid fine powder 
35 was used as a chemical to evaluate each acid resistance. The evaluation results are shown in Table 3. 

[0097] As for the film made of an unmodified PVA with a degree of hydrolysis of 88.0 mole percent, the water solubility 
after packaging of an acidic substance is reduced, and the acid resistance is inferior (Comparative Example 18). The 
film based on a modified PVA having only a carboxyl group and a lactone ring, and having a degree of hydrolysis of 
PVA of 98.1 mole percent is inferior in water solubility (Comparative Example 19). 

40 

Comparative Examples 20 and 21 

[0098] Evaluations were carried out in the same manner as in Example 1 , except that the contents of each modified 
PVA, and types and amounts of each additive and inorganic filler were changed as shown in Tables 1 and 2, and a 
•*5 pool bactericide containing trichloroisocyanuric acid as a main component was used as a chemical to evaluate each 
chlorine resistance. The evaluation results are shown in Table 4. 

[0099] As for the film made of an unmodified PVA with a degree of hydrolysis of 88.0 mole percent, the water solubility 
after packaging of a chorine-containing substance is reduced, coloration and hardening of the film occurs, and the 
chlorine resistance is inferior (Comparative Example 20). The film based on a modified PVA having only a carboxyl 
50 group and a lactone ring, and having a degree of hydrolysis of 98.1 mole percent is inferior in water solubility 
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(Comparative Example 21 ). 
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[0101] As for the water-soluble film of the present invention, not only the solubility in cold water is excellent, but also 
the solubility in water is not reduced even after packaging of a chemical. The biodegradability, and practical physical 
properties such as strength and stiffness are simultaneously excellent. Therefore, the film is preferably used particularly 
for the purpose of packaging agrochemicals, detergents, and the like. 

[01 02] Although the present invention has been fully described in connection with the preferred embodiments thereof, 
those skilled in the art will readily conceive of numerous changes and modifications within the framework of obviousness 
upon the reading of the specification herein presented of the present invention. Accordingly, such changes and mod- 
ifications are, unless they depart from the scope of the present invention as delivered from the claimed annexed thereto, 
to be construed as included therein. 



Claims 

1 . A water-soluble film comprising a modified polyvinyl alcohol containing an N-vinylamide monomer unit in an amount 
of 1 to 10 mole percent, and a carboxyl group and a lactone ring in a total amount of 0.020 to 4.0 mole percent in 
the molecule, and having a degree of polymerization of 300 to 3000, and a degree of hydrolysis of 75 to 99.5 mole 
percent. 

2. The water-soluble film according to claim 1 , further comprising an alkali metal in an amount of 0.05 to 2 parts by 
weight in terms of sodium per 100 parts by weight of the modified polyvinyl alcohol. 

3. The water-soluble film according to claim 1 or 2, wherein the degree of hydrolysis of the modified polyvinyl alcohol 
is 82 to 99.5 mole percent. 

4. The water-soluble film according to claim 1 or 2, wherein the degree of hydrolysis of the modified polyvinyl alcohol 
is 86 to 99.4 mole percent. 

5. The water-soluble film according to claim 1 or 2, wherein the degree of hydrolysis of the modified polyvinyl alcohol 
is 90 to 99.2 mole percent. 

6. The water-soluble film according to claim 1 or 2, wherein the degree of hydrolysis of the modified polyvinyl alcohol 
is 92 to 99.0 mole percent. 

7. The water-soluble film according to one or more of claims 1 to 6, wherein the degree of polymerization of the 
modified polyvinyl alcohol is 400 to 2500. 

8. The water-soluble film according to one or more of claims 1 to 6, wherein the degree of polymerization of the 
modified polyvinyl alcohol is 500 to 2000. 

9. The water-soluble film according to one or more of claims 1 to 8, wherein the N-vinylamide monomer is represented 
by the following formula (I): 



R 1 

I 

CH 2 =CH — N — C — R 2 (I) 
II 

O 

(where R 1 denotes a hydrogen atom or an alkyl group having 1 to 3 carbon atoms, and R 2 denotes a hydrogen 
atom or an alkyl group having 1 to 5 carbon atoms). 

10. The water-soluble film according to one or more of claims 1 to 9 : wherein the N-vinylamide monomer is N-vinyl- 
2-caprolactam. 

11. The water-soluble film according to one or more of claims 1 to 10, further comprising a saccharide in an amount 
of 1 to 100 parts by weight per 100 parts by weight of the modified polyvinyl alcohol. 
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12. The water-soluble film according to one or more of claims 1 to 1 1 , further comprising an inorganic filler in an amount 
of 0.5 to 20 parts by weight per 100 parts by weight of the modified polyvinyl alcohol. 

13. The water-soluble film according to one or more of claims 1 to 12, further comprising a gallic acid or an alkyl ester 
thereof having 1 to 5 carbon atoms in an amount of 0.05 to 20 parts by weight, and a hydroxycarboxylic acid or a 
salt thereof having a reducing property in an amount of 0.01 to 10 parts by weight per 100 parts by weight of the 
modified polyvinyl alcohol. 

14. A package comprising an acidic substance, and the water-soluble film according to anyone of claims 1 to 13, the 
acidic substance being packaged in the water-soluble film. 

15. A package comprising a chlorine-containing substance, and the water-soluble film according to anyone of claims 
1 to 13 ; the acidic substance being packaged in the water-soluble film. 
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